Purpose We aimed at evaluating the effects of posterior continuous curvilinear capsulorhexis (PCCC) on contrast sensitivity. Materials and methods In this prospective, randomized, bilateral clinical study, 40 eyes of 20 patients who underwent bilateral cataract surgery were included. The phacoemulsification machine, viscoelastic substances, surgical tools, and intraocular lenses (IOLs) were the same for both eyes. The only difference was that we conducted the PCCC procedure before IOL implantation to one of the eyes of the patients. The selection of the eye that underwent the PCCC procedure was decided randomly. Results The mean photopic contrast sensitivity values at spatial frequencies of 1.5, 3, 6, 12, and 18 cpd (cycles per degree) were 41.55, 59.90, 61.25, 32.35, and 9.75, respectively, and for the control group these values were 39. 05, 56.60, 57.95, 29.80, and 8.75, respectively. The mean mesopic contrast sensitivity values at special frequencies of 1.5, 3, 6, 12, and 18 cpd were 41.20, 54.75, 55.55, 31.70, and 9.00, respectively, and for the control group these values were 38.35, 51.70, 52.15, 30.05, and 8.00, respectively. The mean contrast sensitivity values of the eyes that underwent the PCCC procedure were slightly better than the fellow eyes at all spatial frequencies, but the difference was statistically insignificant (P40.05). Conclusions In early post-operative period, the PCCC procedure exerts some positive effects on contrast sensitivity although these effects are statistically insignificant.
Introduction
Cataract surgery has developed rapidly over the past decades. Clinical experience has led to the insight that Snellen visual acuity is inadequate as a sole parameter for describing the quality-of-vision outcomes of cataract surgery. Contrast sensitivity testing will also will have a role in determining the quality of vision. [1] [2] [3] [4] Visual acuity may be normal in the presence of reduced contrast sensitivity. There are many patients whose subjective complaints do not correspond with their apparent vision in the examining room. Descriptions of difficulty in recognizing faces or functioning at low light levels are common. 5 Contrast sensitivity measurements at different spatial frequencies, yielding the so-called contrast sensitivity function, evaluate visual function more comprehensively than does Snellen visual acuity, because the latter indicates only the maximal resolution of the eye for high-contrast stimuli.
Cataract extraction with intraocular lens (IOL) implantation is the most frequently performed surgical procedure in the world. The most common complication is posterior capsule opacification (PCO), which results in decreased visual performance. PCO complication is related to some factors such as follow-up time after cataract surgery, type of IOL implanted, surgical skill and technique, as well as the ocular and systemic history of the patient. [6] [7] [8] The primary treatment option for PCO is Nd:YAG laser capsulotomy. Posterior continuous curvilinear capsulorhexis (PCCC) is also performed for preventing PCO after cataract surgery. PCCC is a well-known and well-documented procedure in the literature. 9, 10 In this study, we aimed at detecting the effects of PCCC on contrast sensitivity. We evaluated the contrast sensitivity function under photopic and mesopic conditions, in the absence of a glare source.
Materials and methods
In all, 48 eyes of 24 patients (12 males and 12 females) who underwent bilateral cataract surgery were included in this prospective interventional case series. All of the operations were performed between December 2007 and July 2008. For all of the experiments, informed consent was obtained from all subjects after the nature of the study had been explained fully. Patients with bilateral visually significant senile cataract, corneal astigmatism o1.50 D and post-operative best corrected visual acuity (BCVA) of 20/25 or better (Snellen chart) were eligible for inclusion in the study. Exclusion criteria were any ocular diseases, such as corneal opacities or irregularity, dry eye, amblyopia, anisometropia, glaucoma, retinal abnormalities, surgical complications, IOL tilt, IOL decentralization, any neurological problem, diabetes mellitus, taking medication that might affect contrast sensitivity, insufficient mental ability to perform the tests, and any physical disability that might make it difficult to perform the test or follow-up. Four patients were excluded from the study because three of them did not meet the criteria of BCVA420/25 and one of them had different IOL types in his right and left eyes. After this screening process, 40 eyes of 20 patients (10 males and 10 females) were included in the study. The IOL power ranged from 19.50 to 24.50 D.
All surgeries were performed by one experienced surgeon (EB) using the same three-step clear corneal incision and four-quadrant divide and conquer technique. Anterior continuous curvilinear capsulorexis with an approximate diameter of 5.0 mm and PCCC with an approximate diameter of 3.0 mm were created. The IOLs were implanted in the capsular bag. The phacoemulsification machine, viscoelastic substances, surgical tools, and IOLs were the same for both eyes. Three-piece foldable aspheric hydrophilic acrylic IOLs were implanted in all operations. The only difference was that we performed the PCCC procedure before IOL implantation to one of the eyes of the patients. The selection of the eye that underwent the PCCC procedure was decided randomly. Cataract surgeries were performed sequentially, and the time gap between the operations of both eyes was B1 month.
Functional acuity contrast testing (F.A.C.T.) 11 was measured between 2 and 4 months after surgery because of the possibility of post-operative cystoid macular oedema (CME), using the Optec 6500 vision testing system (Stereo Optical Co. Inc., Chicago, IL, USA) with best spectacle correction and natural pupil under both the photopic condition (target luminance value of 85 cd/m 2 ) and mesopic condition (target luminance value of 3 cd/m 2 ).
Contrast sensitivity values were converted to numerical values by using a conversion chart of F.A.C.T. Contrast sensitivity values were compared at all five spatial frequencies (1.5, 3, 6, 12, and 18 cpd (cycles per degree)). For statistical analysis, SPSS 14.0 software for Windows (SPSS Inc., Chicago, IL, USA) was used to summarize baseline characteristics and outcomes. P-values o0.05 were considered to be statistically significant.
Results
In all, 40 eyes of 20 patients were enrolled in this study. This study comprised 10 male (50%) and 10 female (50%) patients. Their ages ranged from 51 to 87 years. The mean age was 66.25 (SD: 10.59) years. All the eyes that were examined in this study had a mean post-operative BCVA of 20/25 or better. The mean topographic astigmatism in the PCCC group and the control group was 0.66 ± 0.32 and 0.72 ± 0.34 D (P ¼ 0.58), respectively. The IOL power was estimated at 19.50±24.50 D and there was no significant difference between the mean IOL powers of the two groups (21.70±1.36 D for the PCCC group and 21.62 ± 1.22 D for the control group; P ¼ 0.63). We did not encounter any complications intra-and post-operatively.
At all spatial frequencies (1.5, 3, 6, 12, 18 cpd), under both day (photopic) and night (mesopic) conditions, the contrast sensitivity values of the eyes that underwent PCCC were slightly greater than those of the other eyes. However, all of the differences between the values of the two groups were statistically insignificant. Figures 1 and  2 show contrast sensitivity curves. Tables 1 and 2 show numerical contrast sensitivity values and P-values under photopic and mesopic conditions. 
Discussion
In this prospective randomized trial, the impact of posterior curvilinear capsulorhexis (PCCC) on contrast sensitivity was evaluated. In primary PCCC, the central part of the posterior capsule is removed during cataract surgery to prevent equatorial lens epithelial cell migration onto the posterior capsule from reaching the visual axis. PCCC is used frequently to prevent more severe PCO formation in children's eyes in combination with anterior vitrectomy or posterior optic capture. 12, 13 However, PCCC is not a standard procedure for the surgical treatment of age-related cataracts. Despite the developments in IOL design and improvements in surgical techniques, PCO is still the most common complication of cataract surgery. 14 The effect of PCO on BCVA, contrast sensitivity, and glare sensitivity in otherwise healthy eyes has been established. 15, 16 Nd:YAG laser capsulotomy is the main treatment option for PCO.
In our study, we measured contrast sensitivity values of the subjects in 2-4 months after the operations; therefore, we had the chance to measure the fellow eyes that had not undergone the PCCC procedure in a PCOfree situation. In this way, we also attempted to evaluate the pure effect of clear posterior capsule that was free of PCO on contrast sensitivity. Recently, some investigators developed software programmes to measure the severity of PCO using analysis of retro illumination images; but we assessed PCO at the slit lamp from reflected and backward scattered light. 17, 18 In this study, at all spatial frequencies, under both day and night conditions, contrast sensitivity values of the eyes that underwent PCCC were slightly greater than those of the fellow eyes. However, all of the differences between the values of the two groups were statistically insignificant (P40.05). Although this result was statistically insignificant, it is important to remember that contrast sensitivity of the fellow eyes was measured in cases of clear posterior capsule; therefore, it is obvious that as PCO formation occurs with the passage of time, the result may become a statistically significant value. In addition, although it was a subjective evaluation, most of the patients (13 patients, 65%) reported that the visual quality was better in their eyes after undergoing PCCC.
Recent studies have shown that PCO significantly disturbs contrast sensitivity in addition to visual acuity and these visual functions improve significantly after Nd:YAG laser posterior capsulotomy. Most of these studies reported a correlation between the improvement of visual acuity and contrast sensitivity after Nd:YAG laser capsulotomy. 19, 20 Hayashi et al, 16 noted specifically that visual acuity has a stronger association with PCO than does contrast sensitivity or glare sensitivity and also reported that in patients who had a visual acuity of 20/25 or better, visual acuity improved significantly after capsulotomy, but contrast sensitivity did not show significant improvement. However, Tan et al 21 implied that the improvement in contrast sensitivity was associated poorly with that in visual acuity and that Eye contrast sensitivity testing is more sensitive than is visual acuity in the early stages of PCO. Vock et al 22 had examined the effect of PCCC on clinical performance of a hydrophilic acrylic IOL, and similar to our results they found that neither BCVA nor contrast sensitivity were significantly different between the PCCC group and the non-PCCC group; but in contrast to our study, they had applied Nd:YAG laser capsulotomy to some patients in the non-PCCC group and their study had observed contrast sensitivity values at a late post-operative period. Mela et al 23 compared contrast sensitivity in patients with intact posterior capsules having posterior chamber monofocal IOL and in patients with ruptured posterior capsules having anterior chamber monofocal IOL, and found an impairment of contrast sensitivity at intermediate and high spatial frequencies with an intact posterior capsule.
As both PCCC and Nd:YAG laser capsulotomy give similar results theoretically and clinically in terms of visual acuity and contrast sensitivity improvements, it is logical to compare all the other aspects of these two procedures. In the PCCC procedure, the diameter of the rhexis is usually standard and is B3 mm; it is very hard to enlarge the rhexis after the operation, whereas in Nd:YAG laser posterior capsulotomy, it is easy to modify the shape and width of the capsulotomy in different sessions. However, it was reported that visual functions, including contrast sensitivity, did not have a significant correlation with the area of the capsulotomy opening and even relatively small capsulotomy openings may be sufficient to improve visual function. 16 Neodymium:YAG laser capsulotomy can result in significant morbidity from post-operative complications. These include IOL damage, intraocular pressure elevation, glaucoma, retinal hemorrhage, iritis, vitreous prolapse, vitritis, iris damage, CME, retinal detachment, IOL subluxation, corneal damage, and localized exacerbation of endophthalmitis. [24] [25] [26] These complications are infrequent in PCCC procedures when compared with Neodymium:YAG laser capsulotomy. 9, 27 Moreover, PCCC is performed as part of the surgery, whereas Neodymium:YAG laser capsulotomy requires a separate session in addition to the surgery. In our cases, we did not encounter any intra-operative complications during application of PCCC. However, it is important to stress that the PCCC procedure is harder to perform and requires more surgical experience, whereas Neodymium:YAG laser capsulotomy is easier to perform.
In the F.A.C.T. chart, mild refractive disorders and early cataracts generally cause contrast sensitivity losses at higher spatial frequencies, whereas severe refractive disorders and later cataracts cause contrast sensitivity losses at lower spatial frequencies. More severe vision problems such as glaucoma, diabetic retinopathy, macular degeneration, optic neuropathies, and amblyopia may cause degradation of the entire contrast sensitivity curve. [28] [29] [30] [31] [32] [33] [34] In our study, contrast sensitivity curves both under photopic and mesopic conditions did not show any pathological patterns. Although it was statistically insignificant, at the highest spatial frequency (18 cpd) the difference in contrast sensitivity scores was higher than that of other frequencies. This might be due to subclinical PCO in some of the patients.
In conclusion, in the early post-operative period, the PCCC procedure has some positive effects on contrast sensitivity although these effects are statistically insignificant.
